The chemical thermodynamic properties of alkanethiol (RSH where R is an alkyl group) isomer groups frorn. CH 4 S to C 4 H lO S in the ideal gas phase have been calculated from 298.15 to '1000 K from tables of Stull, Westrum, and Sinke. In the absence ofliterature data on all isomers of higher isomer groups, the properties of isomers of CsH 12S to C g H 1S S have been estimated using Benson group values. Equilibrium mole fractions within isomer groups have been calculated for the ideal gas state from 298.15 to 1000 K. For isomer group properties, increments per carbon atom have been calculated to show the extent to which thermodynamic properties of higher isomer groups may be obtained by linear extrapolation. Values of C ~,S 0, Il r H 0, and tJ. f GO are given for all species of all<:anethiois from CH 4 S to CgHlgS in SI units fOl-a standard staLe pre:;sure of 1 bar.
group thermodynamic properties) for the alkanes,2 alkylbenzenes, 3 alkenes, 4 alky lnaphthalenes, 5 alkylcyc10pentanes and alkylcyc1ohexanes, 6 and alkynes. 7 This paper presents data on the ~lkanethiols. Chemical thermodynamic properties are given in Stull, Westrum, and Sinke 8 for all isomers in this series only through C 4 H IO S. It has therefore been of interest to extend these data to CgH 18S by use of the Benson group method, 9 in order to see whether the increments in the various chemical thermodynamic properties become independent of carbon number beyond the lower members in this homologous series.
Standard Thermodynamic Properties of

Alkanethiollsomer Groups
When isomers are in chemical equilibrium it has been kIiown for some time lO • 11 that they can be aggregated in calculations of eqUilibrium mole fractions by use of the standard Gibbs energy of formation drG°(l) of the isomer group defined by .
lirG '(1) -RTln(~, exp ( ./lrG:1(R1)), (1) where ll.rG i is the standard Gibbs energy offormation of an individual isomer and NI is the number of isomers in the group, including stereoisomers. The eqUilibrium mole fractions rj of various isomers in a group can be calculated using
YI where YI is the sum of the mole fractions of the individual isomers. The corresponding equations for the other standard thermodynamic properties C ~ (I), 8 ° (I), and .6. r H ° (I) can be derived by differentiating Eq. (1) with respect to temperature. 1 When standard Gibbs energies of formation of isomer groups are USed to calculate eqUilibrium constants for reactions of ideal gases, the equllibriulIl t!xprt!ssioiI is written in terms of eqUilibrium mole fractions of isomer groups.
For the alkanethiols, the standard chemical thermodynamic properties for an isomer group are interrelated by drGO(l) = drHO(I) -T [8°(1) -nS;raPhite -(n + 1)SH 2 (g) -SS(std.state) ], (3) where n is the number of carbon atoms.
To calculate the chemical thermodynamic properties for an isomer group a term must be included for each molecular species, including stereoisomers. Fortunately, the numbers of stereoisomeric and nonstereoisomeric monosubstitution products of paraffins were calculated by Blair and Henze 12 in 1932. Their table was very helpful iiI identifying all the isomers through CgHlSS, An expanded version of their table through CSHlSS is given in Table 1 . The isomers are classified according to whether sulfur is bonded to a primary, secondary, or tertiary carbon and according to the numbers of chiral centers (none, one, two,· or three). Rather than having a line in a thermodynamic table for each stereoisomer, this article follows the standard practice of giving properties of racemates. When there is one chiral center, R In 2 is added to the calculated standard entropy and ~ R T In 2 to the standard Gibbs energy of formation of one of the forrils. For the alkanethiols with more chiral centers the adjustment of the entropy is R In 4 for two centers and R In 8 for three, since none of the species are internally compensated. Therefore, the numbers of lines in tables in this article is smaller than the total numbers of isomers. 
Calculations of Standard Thermodynamic
Properties of Alkanethiols Using the Benson Method
Since data are available for all of the isomers of the alkanethiols only through C 4 H lO S, this does not provide an adequate basis for extrapolating isomer group properties to higher carbon numbers. Therefore, the Benson group method has been used to calculalt! lhr;: plupr;:rlir;:s for all isomers through CgHlSS in the ideal gas state.
In order to make these calculations, the structure of each alkanethiol species was divided into the following Benson groups; C(H)3(C), C(Hh(Ch, C(H)(C)3' C(C)4' C(HhS, C(C) (HhS, C(Ch(H)S, C(ChS, S(C) (H), and gauche corrections. In addition, the total symmetry number (TSN) and number of optical isomers (OPT) were tabulat~ ed. In view of some of the uncertainties in some of these group values indicated by Benson, the 1,5-H repulsions, which atfect only several of the most highly branched species were omitted. In calculating symmetry numbers a report by Davies, Syverud, and Steiner 16 was very helpful.
The assignment of Benson groups was checked by multiplying the matrix of numbers of group § by a matrix which had in its first column the number of carbon atoms in the group, in the second column the number of hydrogen atoms in each group, and in the third column the number of sulfur atoms in each group. Matrix multiplication yields a matrix with as many rows as lines in the table for that isomer group and three columns giving the numbers of carbon atoms, hy- 
S;nt~98' C~298' C~300' C~500' C~700' and C~1000' In further steps in the calculation the heat capacity values were -(n + l)(H O -H;98 )H 2 -(HO -H;98)g, (6) fit to the equation
and the values of a, b, c, and d were used to calculate where n is the number of carbon atoms. The values of ilrG ° at various temperatures were then calculated using Eq. (3). The values of HO -H;98 and So for graphite,H 2 (g), and sulfur in its standard state were obtained from the JANAF 17 tables. 
Tables of Standard Thermodynamic p'roperties of Alkanethiol Isomer Groups
The conversion of thermodynamic properties from 1 atm to 1 bar is discussed in earlier papers in this series and in the NBS Tables. IS The increments per carbon atom are ofinterest because they indicate the extent to which we can estimate thermodynamic properties of isomer groups of higher carbon numbers. Table 9 . Equilibrium mole fractions within alkanethlo1 1 somer groups --continued 
Equilibrium Mole Fractions Within Alkanethiol Isomer Groups
The equilibrium mole fractions within isomer groups calculated from standard Gibbs energies of formation are given in Table 9 for the alkanethiols in the ideal gas state. Since the uncertainties in ArG°(l) and AfG~ are about the same, the uncertainty in the difference is nearly independent of the relative values of the two parameters, but the absolute uncertainty does increase with temperature. The usual equation for the propagation of variance indicates that the equilibrium mole fractions are uncertain by about 15% at the lower temperature and 10% at the higher temperatures. This makes it difficult to indicate the uncertainties in the table. It could be done by using exponential notation, but The values for chiral forms are for the racemates. 2-methyl-1-propanethiol -97.24 -97.40-107.28-115.10-121.29-126.19-194.68-186.44-187. 49 2-methyl-2 -propanethiol -109.50-109.66-119.24-126.65-132. 34-136. 61-194.43-195.39-195.60 CSH12S l-pentanethfol -108.9 -109.1 -120. 3 -129.3 -136.4 -141.8 -200.4 -201.8 -202 .3 2(RS) -pentanethtol -118. 3 -118.5 -129.6 -138.5 -145.5 -150.9 -209.6 -211.3 -212.1 3-pentanethiol -118.3 -118.5 -129.6 -138.5 -145.5 -150.9 -209.6 -211.3 -212 .1 2(RS)-methyl-l-butanethfol -114.9 -t 15. 1 -126.4 -135.4 -142.4 -147.7 -206.3 -207.7 -208.0 2-methyl-2-butanethfol -128.3 -128.5 -139.4 -147.9 -154.5 -159.5 -217.9 -219 .4 -220.2 3-methyl-2 (RS)-butanethtol -124. 3 -124.5 -135.7 -144.6 -151.5 -156.8 -215.5 -217.1 -217.9 3-methyl-1-butanethfol -114.9 -115.1 -126.4 -·135.4 -142.4 -147.7 -206.3 -207.7 -208.0 2.2-dimethyl-l-propanethiol -130.2 -130.4 -141.4 -149.9 -156.3 -161. -159.6 -159.8 -173.6 -184.6 -193.2 -199.8 -259.3 -261 .5 -262.5 3(RS) -heptaneth fol -159. 6 -159.8 -173.6 -184.6 -193.2 -199.8 -259.3 -261.5 -262.5 4-heptanethfol -159.6 -159.8 -173.6 -184.6 -193.2 -199.8 -259.3 -261.5 -262.5 5-methyl-1-hexanethfol -156.1 -156.4 -170.3 -181.4 -190.1 -196.7 -256 .0 -257.9 -258.4 5-methyl-2(RS)-hexanethiol -165. . -176.8 -177.1 -192.3 -204 .5 -214.0 -221.1 -280.9 -282.9 -283.5 4( RS )-methyl-2(RS) -heptanethiol -186. 2 -186.5 -201.7 -213.7 -223.1 -230.2 -290.1 -292.4 -293 .4 4( RS) -methyl-:HRS) -heptanethiol -196. 2 -186.5 -201.7 -213.7 -223.1 -230.2 -290.1 -292.4 -293.4 4-methyl-4-heptanethlol -190.2 ~190.4 -205.3 -217.1 -226.1 -232.9 -292.5 -294.7 -295.7 2,2-dimethyl-1-hexanethfol -185.4 -185.7 -200.6 -212.3 -221.2 -227.7 -286.8 -288.4 -288 .5-dimethyl-1-hexanethfol -182. , 5-dimethyl-2(RS) -hexanethlo1 -192. . 5-dlmethyl-3(RS) -hexanethlo1 -192. .5 -301. 5 2, 3(RS) -dimethyl- 2-hexanethlol -196.2 -196.5 -211.4 -223.2 -232.1 -238.9 -298.4 -300.5 -301 .5 2( RS) • 3(RS) -dfmethyl-l-hexanethiol -182. 8 -183.1 -198.4 -210.6 -22 .0:0 -22.'1. t -2.86.8 -2.88.8 -2.89.3 3( RS). 5-dimethyl-1-hexanethfol -182. . 5-dimethyl-2(RS)-hexanethl01 -192. . 5-dlmethyl- 3-hexanethlo1 -196.2 -196.5 -211. 4 -223.2 -232.1 -238.9 -298.4 -300 .5 -301.5 2. 4(RS )-dimethyl-3(RS)-hexanethl01 -192. 3 -j92.5 -207.8 -219.8 -229. 
Discussion
The values of standard thermodynamic properties of isomer groups given here may be used in predicting equilibrium compositions of organic systems at temperature-catalyst conditions where species in an isomer group are in equilibrium. This is illustrated by Table 14 which gives log K for the gas reaction C n H 2n (alkene isomer group) + H 2 S = C n H 2n + 2 (alkanethiol isomer group), (7) where the reference pressure is 1 bar and ideality is assumed. It is of interest to observe that the dependence of the equilibrium constant for this reaction on carbon number is much greater at low temperatures than high temperatures. The values of ArG-°(l) for the alkene isomer groups are from Alberty and Gehrig, 4 TSN YI = standard entropy of isomer i, J K -I mol-I = standard entropy of isomer group I, J K-1 mol-I total symmetry number = mole fraction of isomer i within the isomer group = mole fraction of isomer group I in a mixture
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